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The viral etiology of human warts has been
recognized for many years (1, 2, 3); indeed it can
be claimed that the wart was the first tumor
shown to be transmissible by cell-free filtrates (1).
Particles believed to be the wart virus were first
visualized in 1949 by Strauss et al. (4) in aqueous
extracts of wart tissue prepared for electron
microscopy by the shadowcasting technic. The
average diameter of the particles in close-packed
array was 52 mt. A few years later Bunting
et al. (5) using the thin-sectioning technic, at
that time very recently introduced, succeeded
in obtaining a few examples of cells in wart tissue
containing intranuclear arrays of closely packed
particles, of diameters varying from 20 to 38 m.
Recently, Charles (6) has published electron
microscope observations on thin sections of hu-
man wart tissue. Particles of diameter about 33
mji were observed in the nuclei of cells from two
warts. Williams et al. (7) have recently described
the detailed morphology of specific particles
seen in thin sections of warts and in shadowed
and negatively stained preparations of aqueous
wart extracts. In sections treated by heavy
metal staining the particles had a dense core of
diameter 34 mi surrounded by a less dense rim
of width about 6 mj, giving an overall diameter
of 46 mj. In both shadowed and negatively
stained preparations the average diameter of the
particles was 55 mu. The smaller size of the
particles in sections can be accounted for by the
shrinkage of tissue components, including virus
particles, that occurs during the process of de-
hydrating and embedding; this may reduce the
diameter of the particles by as much as 15 or
20%. The even smaller size in sections recorded
by other authors may be explained in two ways.
First, the peripheral layer may not be detected
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unless heavy metal staining is employed. The
particles would then appear to have the diameter
of the dense core which is about 34 mu. Second,
in relatively thick sections such as those ex-
amined in the early studies of Bunting (5) the
overlapping of particles in densely-packed areas
may give the appearance of closer packing than
is actually present (8). Taking these consider-
ations into account, there seems to be little
doubt that, despite the discrepancies in size re-
ported, the different investigators mentioned
above were all observing the same entities, and
further, that these were the viral particles re-
sponsible for the transmission of the disease.
The present paper reports an electron micro-
scope study of a series of warts. The chief aim
was to determine the sequence of events that
occur in cells of wart tissue during the formation
and multiplication of the virus, and in so doing
to attempt to elucidate some of the questions
that are still in dispute as a result of earlier light
microscope studies. These concern especially the
relation of the intranuclear inclusion bodies to
virus formation.
Two types of intranuclear inclusions have been
reported in cells of wart tissue, one eosinophilic,
the other basophilic (9—16). Eosinophilic in-
clusions are present in most warts of the palmar
and plantar type but only occasionally in verruca
vulgaris. They appear as sharply demarcated
round bodies in the nuclei of cells of the stratum
spinosum immediately above the basal layer,
and are present in increasing size in succeeding
layers. Warts containing this type of intra-
nuclear inclusion also exhibit eosinophilic cyto-
plasmic masses which, like the intranuclear
bodies, appear in the stratum spinosum and in-
crease in size in the upper layers until, just below
the stratum corneum they become confluent and
lose their identity in the keratin. The basophilic
inclusions are seen first in nuclei of cells in the
stratum spinosum as accumulations of diffuse,
Feulgen positive material in the vicinity of the
nucleoli. The amount of basophilic material in-
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creases in cells of the stratum granulosum until
in many cells it occupies the whole nuclear space.
Feulgen positive masses persist in the stratum
corneum after all recognizable cell structures
have disappeared. Some investigators (11, 17)
on the basis of light microscope studies believe
that the presence of eosinophilic inclusions is
indicative of the pre ence of virus, and that they
are in some way concerned in the formation of,
or are transformed into, the viral particles. This
conclusion is disputed by others (10, 12) who
maintain that it is the basophilie bodies that
represent formative sites of virus or aggregates
of mature virus particles.
From the present electron microscope studies
we conclude that the second interpretation is the
correct one. We have identified both types of
inclusions in the electron microscope and have
shown that virus particles are associated with
the basophilie type and are not directly related
to the eosinophilie type. The latter inclusions
appear to be the product of the abnormal kera-
tinization that occurs in wart cells.
MATERIALS AND METHODS
The following series of warts was studied by
both light and electron microscopy; 5 specimens
of verueca vulgaris, 1 of verueea plana, 3 of
verucca plantaris and 2 of verueca palmaris. With
the exception of 2 of the specimens of verucea
vulgaris all the warts were of less than six months'
duration.
In some instances the warts were rapidly frozen
by immersion in liquid air, stored at —20° C and
later thawed and processed for microscopy. In
other instances the tissues were processed imme-
diately. The latter procedure gave better cell
preservation as seen in the electron microscope
but the differences were not significant in the
present studies. For light microscopy, a pnrtion
of each wart was fixed in formalin, embedded in
paraffin and stained with hematoxylin and eosin.
For electron microscopy, small portions of each
wart were trimmed in a drop of buffered osmium
tetroxide and fixed in a larger quantity of the
same solution for 2 hours. This was followed by
dehydration in ethanol and embedding in meth-
acrylate. Sections were cut on a Porter-Blum
mierntnme, stained with lead hydroxide (18) and
examined in a Siemens Elmiskop I electron
microscope.
OBSERVATIONS
General. Though the epidermis in wart tissue
is thickened and thrown into folds by projecting
papillae of the dermis, it is not difficult to recog-
nize the various epidermal layers even in the
restricted fields seen in the electron microscope.
Since the cells move from one layer to the next
as differentiation proceeds it is possible to deduce
the time sequence of events in the abnormal
differentiation that occurs in wart tissue by
studying cells in successive layers of the tissue.
In this paper no attempt will be made to com-
pare in detail the fine structure of normal and
wart epidermis, the purpose being rather to
trace the development of the virus particles and
determine their relation to the intranuclear in-
clusions.
Eosinophilic inclusions. The eosinophilie in-
clusions are readily recognized in the electron
microscope as round, sharply defined, osmiophilic
intranuclear bodies. Their identification was
confirmed by examining adjacent thick and thin
sections of the same cell. The thick section, after
removal of methacrylate and staining with
hematoxylin and eosin, showed in the light
microscope typical eosinophilie inclusions which
corresponded to the osmiopbilie bodies seen in
the adjacent thin section by electron microscopy.
Fig. 1 is an electron micrograph showing the ap-
pearance of the bodies at low magnification. The
material of which the inclusions are composed
shows little fine structure in the electron micro-
scope, but there is some indication of a fibrous
matrix and numerous, rather ill-defined areas of
increased density. Cells with intranuelear eosino-
philie inclusions frequently contain cytoplasmic
masses of similar staining properties. In the
electron microscope these cytoplasmie masses
have an appearance identical to that of the os-
miophilie intranuelear inclusions, the only differ-
ence being their irregular shape and often larger
size. In Fig. 2 part of a cell containing both intra-
nuclear and eytoplasmie inclusions is illustrated.
Basophilic inclusions. Since it has been re-
ported from light microscope studies that the
basophilie inclusions appear first in association
with the nucleolus in cells of the stratum spi-
nosum (9, 10, 12), attention was directed to-
wards this site. Cells in the middle of the stratum
spinosum possess nucleoli larger and coarser in
texture than usual, but the only definite ab-
normal structures are seen in the upper portion
of this layer. In cells in this region, within and
and around the nucleoli, there are numerous
dense particles of uniform size; many of these
are surrounded by a clear halo and a fine mesh-
work of filaments (Figs. 3, 4). In these cells no
.I,-
tt. :.astt r.
__,
Is.
,.tc.ivj - b#fl.' a %s
Fin. 1. Low power micrograph of cells in the stratum granulosum. Centrally placed nucleus contains
a dense osmiophilic inclusion which corresponds to the eosinophilic inclusion of light microscopy. Nu-
merous irregularly shaped cytoplasmic masses are scattered throughout the cytoplasm of all the cells in
the field. X 4,000.
Fm. 2. Portion of a cell containing in the upper right an osmiophilic intranuclear inclusion and in the
lower left a cytoplasmic mass. The materials of which these two bodies are formed appear identical in the
electron microscope. The nucleus also contains scattered virus particles. < 37,000.
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FIG. 3. Nucleus of a cell in the lower stratum granulosum. Within it is a large diffuse mass consisting
of nucleolar material in association with which virus particles appear to be forming. This diffuse type of
inclusion corresponds to the basophilic inclusion of light microscopy. X 10,500.
FIG. 4. Central area of Fig. 3 shown at higher magnification. Particles of uniform size can be seen
within the nucleolar mass. Many of these are arranged in a reticulum, in which the individual particles
are surrounded by a clear zone or halo (arrows). X 42,200.
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Fin. 5. Two cells centrally located within the stratum granulosum. Both nuclei contain osmiophilic
inclusions; in addition the nucleus on the left contains the diffuse (basophilic) type of inclusion. X 8900.
FIG. 6. Diffuse inclusion in Fig. 5 shown at higher magnification. This represents a more advanced
stage of virus production than that seen in Fig. 4. Some virus particles are still contained within the
reticulum of the nucleolus but many particles, particularly at the lower left are free of the meshwork.
x 44,000.
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Fio. 7. Further stage in development of diffuse inclusion. Only remnants of nucleolar reticulum re-
main and virus particles are dispersed throughout the whole nucleus. Marginated chromatin can be
seen along the nuclear membrane. X 31,700.
Fin. 8. Nucleus of a cell in the upper stratum granulosum containing virus arranged in crystalline
formation. X 20,200.
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FIG. 9. Portion of a cell lying just below the stratum corneum. Except for a rim of marginated chroma-
tin the entire nucleus is occupied by closely packed virus particles. X 36,000.
FIG. 10. Array of virus particles within the stratum corneum. No cell structure remains. The virus is
closely packed and pseudocrystalline formations can be seen within the aggregate. X 41,400.
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distinctive particles are seen elsewhere in the
nucleus. In the lower stratum granulosum there
are cells containing what appear to be remnants
of nucleoli with associated particles, and in ad-
dition there are, scattered throughout the nuclei,
particles similar to those previously described
(7). These are believed to be mature virus parti-
cles. A cell in this region is shown in Fig. 7. In
cells of the upper stratum granulosum, nucleoli
are no longer detected, and in many instances
the material of the nucleus appears to be entirely
replaced by virus particles except for a thin rim
of chromatin closely applied to the nuclear mem-
brane (Fig. 9). There was a tendency for parti-
cles to be arranged in regular or crystalline
formations, and in one specimen this was par-
ticularly marked (Fig. 8). Particles were not seen
in the cytoplasm except in rare instances where
they appeared to have been released from the
nucleus by disruption of the nuclear membrane.
In the stratum corneum no normal cell structures
are recognizable but there remain large compact
aggregates of virus particles surrounded by ke-
ratinous material (Fig. 10).
Relation of eosinophilic inclusions to virus. In
some specimens, osmiophilic inclusions of the
type identified with the eosinophilic intranuclear
inclusions seen in the light microscope were
present in cells in which nucleolar changes and
virus formation were observed (Figs. 5, 6); but
in other specimens where virus production was
equally evident no eosinophilic inclusions could
be detected. Furthermore, eosinophilic inclusions
were observed in cells in which there was no evi-
dence of virus formation. Thus in these experi-
ments no direct relationship was observed be-
tween eosinophilic inclusions and virus.
DISCUSSION
Two groups of workers, Strauss and his col-
leagues (13, 14, 17) and Lyell and Miles (11)
have independently suggested that warts that
contain virus can be distinguished by their gross
and histological appearance from those that do
not. Lyell and Miles have proposed the name
'myrmecia' for the virus-containing type. Both
groups regard the presence of eosinophilic in-
clusions as specific evidence of virus infection.
Strauss and his colleagues appear to be of the
opinion that the inclusions are transformed into
virus in the upper stratum granulosum. In an
extension of the work of the latter group, Bloch
et al. (15) presented the results of spectrophoto-
metric measurements upon Feulgen stained wart
cell nuclei and interpreted them in terms of this
concept. However Gaylord (16), commenting on
some previously unpublished observations of
Bunting, states that "the (eosinophilic) inclusions
and the virus particles are related only indi-
rectly". He maintains, nevertheless, that the
inclusion material is obscuring many of the
particles which have to be "unmasked" before
they become visible.
In the present studies the presence or absence
of eosinophilic inclusions was not found to be
indicative of the presence or absence of virus
particles. A total of 11 warts was examined in
sections by electron microscopy. Virus particles
were present in 3 of 5 verrucae vulgares, all 5
warts of palmar and plantar origin, and in the
single verruca plana. In two of the virus-con-
taining verrucae vulgares and in the verruca
plana no eosinophilic inclusions were detected by
light microscopy. Furthermore, our studies do
not indicate that the eosinophilic inclusions have
any direct relationship to the process of virus
formation. The resemblance (pointed out by
Gaylord) of the eosinophilic inclusions to the
cytoplasmic masses, both in staining properties
and in appearance in the electron microscope,
suggests that the former are similar in nature to
the cytoplasmic masses and, like them, are proba-
bly the product of an abnormal keratinization
process. Abnormal keratinization occurs in other
skin lesions such as squamous cell carcinoma
and keratosis follicularis, conditions that are not
known to be associated with virus infection.
The basophilic inclusions in warts were first
described by Lipshutz (9). They were studied by
ultraviolet microspectrophotometry by Hydén
(10) who traced their development from cells in
the stratum spinosum where they are first seen
in close proximity to the nucleolus, to their
eventual form as Feulgen positive masses in the
stratum corneum. Hydén concluded that the
basophilic inclusions represent viral material and
that the growth of the basophilic inclusions in
successive layers of the epidermis represents the
formation and maturation of virus particles.
Blank et al. (12) on the basis of light microscope
studies of stained sections also concluded that
the basophilic inclusions are associated with
virus. These conclusions are fully substantiated
by our electron microscope observations.
The sequence of development of virus in the
human wart resembles very closely that described
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recently for Shope papilloma virus in rabbit
papillomas (19). In both systems specific parti-
cles are first seen in association with the nucleoli
of cells in the stratum spinosum. The subsequent
spread of the particles throughout the nuclei in
the stratum granulosum and eventual dissolution
of all cell constituents leaving only aggregates of
virus embedded in keratin in the stratum cor-
neum is the same in both systems. A further
point of resemblance between the human wart
and the rabbit papilloma is that no specific
particles are detectable in proliferating cells, but
they are apparent, and multiply, in cells that are
undergoing degeneration and necrosis (20). It is
not known whether the virus is present in the
proliferating cells in some form that is not recog-
nisable in the electron microscope or whether the
action of the virus in exciting proliferation is an
indirect one. These studies have not been help-
ful in elucidating this important point. None-
theless, epidermal cells infected with wart virus
afford an interesting system for studying cell-
virus relationships, first because it provides an
example of a virus-induced tumor in man, and
second because cells which are stimulated to
proliferate but in which virus is not apparent,
and cells in which virus can be found, are readily
identified, since they are disposed in precise ana-
tomical sites.
SUMJiIARY
Human wart virus is formed in association
with the nucleoli of cells in the stratum spinosum.
Virus particles subsequently spread throughout
the nuclei of cells in the stratum granulosum and
persist as close-packed aggregates embedded in
the substance of the stratum corneum. The for-
mation and development of virus arrays as seen
in the electron microscope correlates with the
development of the basophilic inclusions as seen
in the light microscope. Osmiophilic intranuclear
inclusions corresponding to the eosinophilic in-
clusions of light microscopy consist of keratin-
like material and are not directly related to the
virus.
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